In this paper the dynamic loads determined for the SEA-OWC-Clam wave energy device, 9 treated as a floating offshore structure with six degrees-of-freedom with partial internal 10 sealed-off channels, are applied to assess its structural integrity. This task necessitates the 
Introduction

22
The historical development of the SEA-OWC-Clam wave energy device and the choices 23 concerning the detailed hydrodynamic and motion analysis to determine the resulting loads 24 was detailed in Part A [1] . Within [1] it was argued that a 6 degrees-of-freedom system, 25 rather a 78 degrees-of-freedom system was sufficient for initial structural integrity construction of the J-and N-shaped OWCs affect the structural response characteristics. generated from summation of incident waves, diffracted waves and radiation waves for 23 selected wave frequencies in accordance with equations (14) of [1] .
25
Within the hydrodynamics, the solution technique provides the radiation velocity potentials 26 on the explicitly defined quarter structure (treated as a solution domain) and Table 2 of [1] 27 indicates how to generate values on its images; the images are not explicitly generated, but The structural steel grade S355, with a yield stress of 355MPa, was considered as the most 
Finite element analysis approach
11
The fundamental assumptions of the structural analysis are:
12
 All contributing loads in a particular analysis are harmonic with the same circular 13 frequency , but of different phasing relative to the incident wave.
14  All nonlinearities are neglected. Thus the material is modelled as homogenous and 15 isotropic and subject to linear elastic behaviour.
16
 Transient effects are not considered.
18
The analysis is repeated for each incident wave frequency set out in Table 1 of [1] .
7
The first assumption means that incident, diffraction and radiation pressures and the known 1 different rigid body motions are determined at the same incident wave frequency.
3
The second assumption is met in so far as the motion responses are linearly modelled; 4 additional viscous damping introduced into the rotational degrees-of-freedom is essentially 5 linear. The structural material behaviour is linear elastic.
7
Transient influences will not naturally vanish if structural damping is neglected. This is not 8 detrimental to the investigation, since within the FEA approach one can readily identify the 9 required steady state solution. Hence the assumption of zero structural damping is not an 10 issue. However, the response of an undamped structure can become unbounded if the forcing 11 function frequency corresponds to an eigen-frequency. Since incident wave frequencies do 12 not exceed 0.3 Hz, the forcing frequencies are below the structural resonance frequencies. A 13 modal analysis has been undertaken for the 'closed' structure to demonstrate that this is the 14 case. The first mode frequency is of the order of 1.5Hz. device dynamic motion response analysis used to generate the structural loads included 27 radiation wave generated fluid damping effects.
29
The structural dynamic response can be generally expressed as:
Clearly Mises criterion is determined using: 
25
The 'effective' stress is essentially a scalar representation of the recognised 3D state. The von
26
Mises stress is a derived quantity which does not recognise the phase characteristics of the 27 different stress components. Hence it may be considered to provide a conservative 28 engineering estimate of the stress. This applies to both the real and imaginary components. 
It is important to note that the effective stress is essentially a modulus of the stress level at 4 any integration or Gaussian point inside each element. A subsequent extrapolation of the 5 known stress at the element integration points permits stress evaluation at each element node.
7
The overall magnitude of von Mises stress is calculated according to Equation (6), where the However, including such detail in the hydrodynamics would lead to an unnecessarily large 9 matrix formulation to solve; because the boundary elements modelling the thickness of the 10 stiffeners would necessitate excessively refined discretization of the remaining structure to 11 avoid ill-conditioning. This phenomenon is often induced by having boundary elements of 12 excessive aspect ratio and, or, excessive area ratios [12] .
14
Here we assume that plates of differing thickness would be sufficient to provide an indication 15 of likely stress concentrations around the OWC entrances. This approach provides some 16 justifications for addressing the 'closed' form of the device.
18
The maximum stress levels devices. This is to try and ensure no unusual response was omitted. The omitted frequencies 24 in the stress plots, with respect to the hydrodynamic analysis [1] , provide no real additional 25 information about the stress levels that might be encountered. In Figure 6 the quantity v  , defined in Equation (6) is plotted as function of frequency. Clearly the dominant real peak in Figure 5 occurs at the same frequency as the dominant peak 8 in Figure 6 . The frequency of 1.055 rad/s is higher than the 'closed' heave peak motion (1.00 9 rad/s) of Figure 23 of [1] , but equals the second peak pitch motion of Figure 24 of [1] .
11
The value of calculated stress is relatively constant over the low wave frequency range below 12 0.6 rad/s. This form of wave physically corresponds to swell. Above ω = 1.055 rad/s the 13 stress reduces to a new slightly higher ambient level. The localization of the higher stress is in the side and bottom plates nearest to the closure 11 plates; this is due to the fact that the fluid loads are now exerted on a thin plate experiencing 12 large deformations due to a lack of plate stiffeners. Further appreciation of this point is For the open structure the stress experienced is not dependent on the 'closure' panel concept. Having presented and compared different forms of stress amplitude at specific limited wave 6 frequencies the authors are aware of the possibility that for any specific observation made, or 7 conclusion drawn, a counter example might exist. This could be provided by considering 8 either a different frequency, or, the structure other than the current structure being addressed.
9
In this section we therefore look at the actual contributions to the stress by different 11 influences.
13
The wave excitation consists of the influence of both the incident waves and the diffracted amplitude 'a' to zero or sets the real and imaginary motion responses to be omitted to zero.
24
These indicated calculations are undertaken for both geometries, but for different frequencies.
25
The frequencies selected in each case correspond to: peak stress at ω = 1.055 rad/s, a peak to produce a smaller total stress. In fact the differences are so extreme that the analysis 14 required to produce these figures was double checked. The total stress level presented in Figures 13-14 exceeds the yields stress of steel S355 1 specified in Section 3. Therefore to determine the absolute maximum stress, the stress 2 distributions for all wave frequencies were thoroughly searched as discussed next. forms. However, the structure is of greater complexity that the external annulus forms. In 9 searching for high stress levels throughout the structure we recognised that there are different 10 structural arrangements. Each must be considered to identify a possible extreme stress.
12
Localised high-stress identification
14
Since in general the stress levels are larger for the closed structure, we will consider the range Stress levels at all points were determined and evaluated. At the lower wave frequencies the 4 maximum von Mises stress is almost uniformly 500MPa, at a frequency of 1.055rad/s stress 5 levels are 1500-1600MPa (despite this frequency not being either a motion or structural 6 resonant frequency). For higher wave frequencies stress levels are almost uniformly 1000MPa. This is for unit wave amplitude. Assuming maximum wave heights are likely to be 8 twice the March and November significant wave heights of 4.8m and 3.5m, associated with 9 the spectra of Figure 4 of [1] , the pessimistic working wave amplitude could be 5m.
11
Prior to suggesting any design changes it is necessary to identify an acceptable stress 12 threshold. Any structural mass increase necessitates a corresponding change in water ballast for the 9 structure to float at the currently specified 6m draught [1] . The two exploratory structural forms to be examined are a conventionally stiffened plate and A slight variation of this stiffened plate corresponds to removal of all horizontal stiffeners.
10
The plate is fully constrained (clamped) at all the edges and simply supported at the location 11 of the two anti-sloshing plates. The structural load corresponds to the hydrodynamic load 12 applied to the plate facing the incident wave on the device outer wall. Figures 23e-h. However, the stress levels for the vertical stiffened plate are higher than the 9 grid reinforced plate.
11
The actual stress in each case is approximately six times higher than the target stress of 35
12
MPa. This justifies the need to consider an alternative structural configuration that can The different shape parameters require investigation to identify optimal stress reduction. As Clearly N is not a decisive parameter upon inspection of Figure 25 . However, if we address 6 additionally the details of Table 1b , it appears that there is no need to increase N beyond 10 Table 2 . We can conclude that for a uniform pressure load of 5000 N/m 2 , the corrugated plate analysing the complete device, illustrated in Figure 1 , is not applied here. This is because the 25 pressure distribution determined from the analysis of the complete structure is to be used to The von Mises stress is required to be lower than 35 MPa. Therefore, the depth d and plate 9 thickness t are now modified to fulfil this requirement. From the flat plate and corrugated 10 plate parametric studies completed, the maximum stress properties are provided in Table 4 . analysis there is a need to rethink the structural detailing of the device. has not been considered.
26
As a final thought, rather than provide the device strength through its outer structure, a 27 carefully designed space frame with panel based closure might meet both the preferred 28 simplistic geometry for hydrodynamic analysis and the structural integrity sought. 
